Abstract-This paper aims to answer the following question: is it possible to personalize learning games according to learning styles? On one hand, there are several learning styles which could be used to personalize learning. For example, it is possible to personalize learning according to the learning styles active and reflective. On the second hand, learning games differ according to their genres. In fact, there are several games genres such as action and puzzle games. This paper presents two learning games having two different genres. In addition, this paper proposes, argues for and experiments relations which could serve for the personalization of games according to different learning styles.
INTRODUCTION
In general, the personalization of learning considers the learners' differences. In fact, learners have different characteristics such as their learning styles and media preferences. The personalization allows learners to have the same opportunity for learning given that each learner could study in the appropriate way [1, 2] .
Furthermore, the use of learning games enhances the motivation of learners. In fact, learning games stimulate the challenge of learners. For that reason, learning games could be an effective approach for learning.
In this context, this paper federates the personalization and the learning games. The objective of this federation is to have both the advantage of the personalization and that of learning games. In order to do that, this paper answers to the following research question: is it possible to personalize learning games according to learning styles?
The answer to this question could be reached by finding relations between genres of learning games and learning styles. For example, it is possible to consider that learning games based on actions are appropriate for learners who have an active learning style. In fact, action games assume that the player is involved at all times in an active way. Consequently, two learning games having two different genres are developed to experiment the proposed relations, the games are used by 70 students in the context of learning the programming language maple. Furthermore, the students' preferences of games and their learning styles are compared. As a result, the feasibility of personalizing learning games according to learning styles is confirmed.
The paper is structured as follows: Section II contextualizes the contribution by analyzing related works. Section III proposes some relations between genres of games and learning styles. Section IV presents the implementation of two learning games. Section V describes the experimentation and discusses the results. Finally, section VI concludes the paper with a summary of the work and future research directions.
II. RELATED WORKS
Researchers have demonstrated the effectiveness of learning games in many domains such as learning of geography, human language, safety and so on. For example, VR-ENGAGE [3] is used for teaching geography. In VR-ENGAGE, The ultimate goal of a player is to navigate through a virtual world and find the missing pages of the book of wisdom, which is hidden. To achieve the ultimate goal, the player has to be able to go through all the passages of the virtual world that are guarded by dragons and obtain a score of points, which is higher than a predefined threshold. The total score is the sum of the points. Concerning human language teaching, Games Factory is considered. Games Factory is a games-authoring system which allows to generate games for teaching spatial relations in text narratives. In games generated by Games Factory, the player is tasked with retrieving objects from rooms in a particular order and in a limited amount of time, receiving points based on their performance. Wii [5] is used for teaching IR (a phenomenon of electromagnetic radiation. IR is also a technology supporting Wii). In Wii, participants physically wave the Wii remote to virtually embody the simulated player or avatar in the digital game. Wii is used to study the transition of students' interest from the initial interest motivated by the game (Wii) to the technology supporting that game (IR). Triage trainer demonstrator [6] is used for training the practice of sorting through casualties in order of priority. The Triage trainer demonstrator uses a first person shooter style of the game with high levels of fidelity. In this way, the learner experiences the scene of the explosion, then they explore the scene by moving around it, encountering the casualties and undertaking the correct procedures of testing for vital signs, then sorting the casualties. Once completed the trainee undertakes an after action review, where the trainees scores present the order of testing for vital signs, tagging and the time of sorting are listed against the ideal settings. Secure game [7] is used for task solving in the area of work safety. Secure game includes different types of puzzles; some can be solved individually, but others require effort and commitment from the whole team for successful completion. The different levels of script follow the progression in the game, where higher levels can be reached by solving problems set for the players. Idea Storming Cube [8] is used for presenting new ideas about a problem-solving task. In Idea Storming Cube, a learner is considered as winner when he/she generates the largest amount of valid new ideas in a given period of time. The user can get the privilege of rotating the cube and seeing ideas from other peers to stimulate more ideas. Learning versions of Tetris [9] are used for teaching precedence relationship between activities. The classical game of Tetris consists of a sequence of geometric figures falling down at various rates. The learning version of Tetris was created by mapping the geometric constraints to the precedence relationships between activities [10] . A player who is able to match these precedence constraints achieves a high-score or a high semantic fit. Classroom Multiplayer Presential Role Playing Game (CMPRPG) is used for teaching notions of dynamic ecosystem equilibria [11] . Notions of dynamic ecosystem equilibria are applied to given situations: prey and predator. Notions of rupture of the ecosystem equilibria by natural factors are applied to given situations. In each situation, players have to collaborate in groups to find a solution for the situation. 
Learning game
Pedagogical objective VR-ENGAGE [3] Teaching geography Games generated by Games Factory which is a games-authoring system [4] Preparing readers to comprehend and retain spatial relations in text narratives.
Wii [5] Teaching IR (a phenomenon of electromagnetic radiation. IR is also a technology supporting Wii) Triage trainer demonstrator [6] Training the practice of sorting through casualties in order of priority Secure game [7] Task solving in the area of work safety.
Idea Storming Cube [8] Presenting new ideas about a problemsolving task.
A learning version of Tetris [9] Determining the precedence relationship between activities CMPRPG: Classroom Multiplayer Presential Role Playing Game [11] Teaching notions of dynamic ecosystem equilibria (from the ecology domain) Table I shows that there are two alternatives to develop learning games. The first one is the development of new game such as the development of VR-ENGAGE [3] . The second alternative consists of adapting an existing (already developed, but not used for education) game to be used for education such as the development of a learning version of Tetris [9] . Furthermore, the table shows that learning games have different genres. For example, the genre of the learning version of Tetris [9] could be seen as puzzle. The differences of learning games genres could be linked to the individual differences of learners. In fact, it is possible to personalize learning games based on the association of learning styles with genres of learning games.
Learning styles are commonly used for personalizing learning. For example, the personalization system AHA! [12] considers the Felder-Silverman learning styles for personalizing learning. However, learning styles are not used for personalizing learning games. This work aims to study the feasibility of personalizing learning games according to the learning styles. This will allow to benefit from the richness of learning styles when personalizing learning games.
III. RELATION BETWEEN LEARNING GAMES AND LEARNING STYLES
This section presents the proposed relations between the genres of learning games and the learning styles of the Felder-Silverman learning styles model. Before presenting the proposed relations, we present a description of the learning styles and genres of games.
Concerning learning styles, they are presented by linguistic variables [13] . For example, the set of values used in the literature for the model of Felder-Silverman learning styles is {active/reflective; sensing/intuitive; visual/verbal; sequential/global} [14] . Active learners like to try things out or do something active while reflective learners prefer thinking about things on their own. Sensory learners like learning facts and solving problems with known methods while intuitive learners prefer discovering possibilities. Learners who have visual learning style like pictures, diagrams, flow charts while learners who have verbal learning style like written and spoken explanations. Learners who have sequential learning style learn better step by step while learners who have global learning style understand things as a whole. These learning styles could be determined automatically by using the 44-item questionnaire available online [15] .
Concerning the games genres, the following genres are used in our proposed relations [16] .
• Action. Keeps the player moving and involved at all times. Primary skills are eye/hand coordination and quick reflexes. Deep thinking is generally not required.
• Puzzle Games. Puzzles are presented on their own without story or content action. Puzzle Games assume that players benefit from each achieved step in order to do the current step.
This study assumes that there are some relations between learning styles and genres of games. As an example of assumed relation, we cite the relation between the learning style active and the learning games based on actions. In fact, action games assume that the player is involved at all times in an active way. As another example we consider that sequential learning style is related to games based on puzzle. In fact, learners who have sequential learning style prefer learning step by step. Furthermore, puzzle learning games assume that learners benefit from each achieved step in order to do the current step. Games based on puzzle IV. IMPLEMENTATION Two learning games have been implemented. The first one is called Instruction Right Place Game (IRPG) and it allows learners to benefit from the drag and drop technology to construct a program (from the programming language maple) in an amusing way. IRPG is considered as puzzle game. In fact, it allows learners to construct a program step by step. Furthermore, the learners receive feedback on the realized instructions and benefit from the feedback to do the next instruction. The second game is a Learning version of Pacman Game (LPG) and motivates learners to correctly answer the questions of the programming language Maple. LPG is considered as an action game. In fact, it keeps the learners moving and involved in order to conduct Pacman correctly. Figure 1 presents the interface of the first game (IRPG). This interface contains three containers and two avatars. Concerning the containers, the left one includes the question to be solved by the players. The middle container includes elements from the answer to the questions (set of unordered instructions). The right container includes a set of subcontainers in which the learner should move instructions (from the middle container) in the correct order to form a program. Concerning the avatars, one (on top of the question) represents the face of a devil that challenges the learner to answer questions. It reacts negatively (angry) if the learner answers correctly, and it is happy when the learner' response is wrong. The other avatar is the face of an angel who tries to help the learner by guiding him/her to the correct answer, it seems angry when the learner makes a mistake and happy when the response is correct. These avatars make the learning game very funny. Above the angel, we find a section used to display messages to help the learner. The IRPG was implemented by using HTML, JavaScript, CSS and Ajax with the integration of free components and avatars.
The learner begins the game by reading the statement of the exercise, then reads the instructions of the program which are sorted in unordered way. Next, the learner tries to find a precedence relation between these instructions and find, for example, the first instruction and move it with the mouse into the first container. After that, the learner puts another instruction into another sub-container, until building the program.
If the learner moves an instruction to non-appropriate sub-container, the color of the sub-container will be red, the devil avatar will be happy while the angel avatar will be angry and a help message is displayed.. In this case, the learner may return the instruction in the middle container and move another instruction which could be appropriate.
If the learner moves the instruction to appropriate subcontainer, the color of the sub-container will be green, the angel avatar will be happy, the devil avatar will be angry, and a message is displayed informing that the answer is right. Once the learner has completed the construction of the program, a question (for evaluation) will be displayed, in order to test the learner's understanding of the program. After the response, a note / 20 will be displayed, taking into account the mistakes that the learner makes in the program.
To facilitate the construction of the IRPG games, a teacher interface has been implemented in which the teacher can write the questions, which will appear in the learner interface. In addition, the teacher edits the instruction in the correct order, and the evaluation question. Finally, the teacher clicks on the save button for the creation of a new game. Figure 2 presents the interface of the second game (LPG). In the traditional version of Pacman Game, the player maneuvers Pacman in a maze, while Pacman eats the stars in the maze. There are also four ghosts in the maze who try to catch Pac-Man, and if they succeed, Pacman loses a life. There are four power-up items in the corners of the maze, called power stars. After Pacman eats a power star, the ghosts turn blue for a short period; they slow down and try to escape from Pacman. During this time, Pacman is able to eat them [17] .
Concerning the LPG, when Pacman eats a power star, the learner has to respond to a question (about the programming language maple) in order to continue the game having a 'reverse' role (Pacman can move freely and eat the enemy for a short period).
Before continuing the game, the learner's score of his/her answer to the question will be displayed. Furthermore, the incorrect responses and the correct answer will be displayed. If the learner's score is greater than the average, Pacman can move freely and eat the enemy for a short time, otherwise the learner will not get this bonus.
When the learner finishes the game, a score /20 is displayed. Else when he/she failed to finish the game, the attempts has expired, a score / 20 is calculated and displayed with an invitation to play again. To facilitate the construction of these games, a teacher interface has been implemented in which the teacher can create questions and click on the save button for the generation of a new learning game.
V. EXPERIMENTATION
In this section, we will describe, first, an experimentation about the validity of the learning games. In fact we have to demonstrate the validity of our learning games before proceeding to the next step which is the checking of the relationship between learning styles and genres of games. So, in order to validate in an empirical way the effectiveness of our learning games, the first subsection describes a classroom and an online experimentation.
Then, the second subsection describes experimentation about the relation between learning styles and genres of games. In fact, students' preferences of learning games and their learning styles are analyzed in order to check the relations proposed between them. In particular, the relation between the learning style active and the learner's preference of an action game is confirmed. However, the relation between the learning style sequential and the learner preference of a puzzle game is partially confirmed.
A. Experimentation about the validity of the learning games 1) Classroom Experimentation
The first experiment involved 60 students of the first grade of a tertiary school in Tunisia (ISSAT Gabes), during November 2011. Students are affected arbitrary to two subgroups. The first group includes 30 students that will use the learning games to learn the programming language Maple. The second group includes 30 students that will learn the same course in traditional way. The students of the first group will use personal computers available in the computers rooms of the ISSAT Gabes for connecting to the web server delivering the games.
After the success of the first experiment, we have increased the number of participants in the same tertiary school during January 2012, and so, the number of the students (in the classroom experimentation) who have used our system was 70.
Before using learning games, the students of both groups, were requested to work on a pre-test using paper and pencil. This pre-test was an ordinary classroom test in which every student had to answer questions by filling in a test paper. The student's note in the pre-test was compared to the student's notes in a post-test that was given to the students after the use of the learning games and the traditional learning respectively. The comparison of students' results in the pretest and the post-test was used to draw conclusions about the learning games effectiveness compared to the simple traditional learning.
After having learned through the learning games, traces of students are analyzed and interpreted. In addition the averages of students' scores in the pre-test and the post-test are calculated. These averages show that, in average, students of the experimental and control groups have similar levels of knowledge before starting the experimentation (13.62 for the experimental group and 13.35 for the control group). However, after the experimentation, the level of the students in the experimental group is greater than the level of the students in the control group (15.48 for the experimental group and 14.57 for the control group). This result shows that using the learning games has positive impact on learning. Table III The results of this experiment showed that students benefited from learning games which represents an amusing teaching way.
In addition, we have adapted the Technology Acceptance Model (TAM) [18] . TAM is among the most widely used model for the validation of the information systems (IS). It has being extensively applied into many types of IS including business, government, e-commerce, internet banking, e-learning, and other online applications. TAM postulated that usefulness and ease of use are the main factors to predict behavioral intention. Specifically, students of the first group (experimental group) were requested to answer to a questionnaire validated in the literature. An instance of the questionnaire is developed for determining the student satisfaction when using the game for learning. The questionnaire includes instances of the 4 items for Usefulness (U) and the 4 items for Ease Of Use (EOU). The questionnaire includes also instances of the 4 items for attitude toward using the sys-tem (ATT) and the 3 items for behavioral intention to use the system (INT) presented in [19] . Beside each item of the questionnaire, 7 values on Likert scale ranging from 1 for the total agreement to 7 representing the total disagreement.
Averages and medians of the students' responses to the questionnaire are calculated. An average nears 1 expresses that, in average, the students are very satisfied when using the learning games. However, an average nears 7 expresses that, in average, students are very dissatisfied when using the learning games. Furthermore, a median such as 1 expresses that most students are very satisfied. Table IV presents the averages and medians for the variables Usefulness (U), Ease Of Use (EOU), attitude toward using the system (ATT) and behavioral intention to use the system (INT). Table IV shows that, in average, students are very satisfied when using the learning games. In fact, the averages for the variables U, EOU, ATT and INT are nears 1 and far from 7. For example, the average of the variable EOU is 1.67. Furthermore, the medians of the variables show that most students are very satisfied when using the games. For example, the median of the variable EOU is 1.
2) Online Experimentation
The two learning games were made online at the Webpage http://affectationgame.hebergratuit.com/ for the IRPG game and at the http://learningversionofpacmangame.hebergratuit.com/ for the LPG. In fact, we have hosted the two learning games on a server. Then, we have integrated the plugin "Like" of the social network facebook in our site. In fact, the facebook developer's page offers a web-based configuration tool to help users get the code required to add to their website.
In addition, we have invited people on facebook to play the two learning games. We have obtained more than 600 like for the IRPG and more than 300 for the LPG. After that, we have found a problem. Indeed, we cannot list the facebook users who liked the two learning games. After researching, we found this declaration available in the facebook site "The plugin only displays friends photos. If the user does not have friends who have liked your page or have connected to your site, no faces will be shown". So, to solve this problem we have used Google Analytics, it is a free service offered by Google that generates detailed statistics about the visitors of a Website.
After the installation, we observed some information about the last 500 users who have visited the IRPG and the last 300 users who have visited the LPG. Visitors are distributed on 61 country and they spent in average 2 minutes to play for the IRPG and from 55 country and they spent in average 3 minutes to play for the LPG.
B. Experimentation about the relation between learning styles and genres of games
Students' preferences of games and learning styles are analyzed in order to check the relations proposed in the table II. To do that, students' preferences of IRPG and LPG are requested from students. Then, the relations between the students' preferences of games and their learning styles are analyzed. In particular, the relation between the learning style active and the learner's preference of an action game (the LPG) is confirmed. However, the relation between the learning style sequential and the learner's preference of a puzzle game (the IRPG) is partially confirmed. The paper presents two learning games. The first one is based on the drag and drop technology (IRPG) which is considered as puzzle game. The second game is the LPG which is considered as an action game.
This work checks the relations between genres of games and learning styles. In particular, the work confirms the relation between the learning style active and action game and partially confirms the relation between the learning style sequential and puzzle game. Future works will check additional relations between genres of games and other learning styles. For example, it is possible to consider the relation between the reflective learning style and the learning games based on strategy. In fact, reflective learners prefer thinking about things on their own. Similarly, strategic games assume that learners prefer spending times in reflection. In addition, we will implement a recommendation system that predicts the convenient learning games for a particular student based on students' navigation history [20, 21] .
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